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Introduction
[bookmark: _Ref178064866]In the last RAN2#97-bis meeting in Spokane, the following has been agreed concerning the RRM measurement model in NR:
Agreements
1	The RRC configured beam consolidation/selection of beam quality of gNB detected beams to derive a cell quality shall be performed after the L1 filter.
2	The L1 filter filters signal quality corresponding to gNB beams detected by the UE
3: The measurement model (applicable for both multi beam and single beam case) in NR shall consist of the following:
a-	L1 filtering of beam measurements 
FFS Whether there is any additional specified filtering of the beam measurements
b-	Derivation of cell quality from one or more gNB beam quality
c-	L3 filter (RRC configured) of cell quality 
d-	Evaluation reporting criteria (RRC configured)

Hence, in multi-beam scenarios, cell quality in NR can be computed from the signal quality measured over multiple beams. However, it remains as an open issue whether the cell quality is computed based on beam measurements defined by UE implementations or by a specified and configurable filtering. This contribution addresses that particular open issue. A companion contribution addresses the details of the cell quality derivation. 
Discussion
Measurement model in NR


Figure 1 Measurement model in LTE.
In LTE, measurement samples at the physical layer based on cell-specific reference signals are provided in A to a Layer 1 filtering function, as shown in Figure 1. That Layer 1 filtering will introduce a certain level of measurement averaging but how and when the UE exactly performs the required measurements will be implementation specific and can be different from different UEs.
Observation 1	In LTE, different UEs can have different implementations of L1 filter. 

In that measurement model, at B, these filtered values are provided by layer 1 to layer 3. Then, a Layer 3 filtering function is applied before measurements are provided in C, as input to the Evaluation of reporting criteria function, where measurement events (and measurement reports) can be triggered. Once these events are triggered, measurements can be reported to the network.
The parameters of the Evaluation reporting criteria function is configured by RRC. The cell quality measurements (e.g. RSRP and RSRQ values for serving and neighbor cells) contained in the measurement reports triggered by these events need to be unambiguously interpreted so the network can take educated mobility decisions (e.g. to maintain the connection or to handover to one of the neighbor cell candidates). Hence, in order to be able to similarly interpret the measurements from different UE implementations, the Layer 3 filters are standardized.
Observation 2	In LTE, L3 filters are standardized so the network can configure filter parameters on measurements of different UE implementations and properly interpret reported measurements. 

In NR, it should be possible to perform RRM measurements based on beamformed signals. As in LTE, there will be some kind of L1 filtering but applied to signals associated to different beams for each cell (e.g. synchronization signal(s) transmitted in the SS Block and/or CSI-RS). This L1 filtering of beam-level measurements will provide some level of averaging but as in LTE it may be implemented differently for different UEs.
Observation 3	In NR, different UEs can have different implementations of L1 filter for beam-level measurements. 

According to the latest agreements from the RAN2#97bis meeting, NR mobility events (e.g. A1-A6) will also be configured via the RRC layer and triggered based on the cell quality measurements (e.g. RSRP values for serving and/or neighbour cells). Hence, the NR measurement model should contain an additional function (Cell Quality Derivation function) that receives as input beam-level filtered values and provide cell quality values to the Evaluation of reporting criteria function. Since these cell quality values should be properly interpreted by the network, it has been agreed that the measurement model will also have a standardized L3 filtering for the cell level quality.
Observation 4	In NR, there will be standardized L3 filters for the cell quality measurements.  
 
The need for L3 filtered beam-level measurements
The remaining open question for the NR measurement model is whether the input of the Cell Quality Derivation function will be the L1 filtered beam-level measurements or whether an additional L3 filtered beam-level measurement function is required. This is illustrated in Figure 2. The two options to be discussed are the following: model without a L3 filtering per beam and model with L3 filtering per beam. If same principles from LTE are applied, the criteria to decide between one model or the other should be the need for the network to interpret beam level information to take educated mobility decisions.
Observation 5	NR measurement model would benefit from standardized L3 filter for beam-level measurements in case network needs to interpret reported beam-level measurements.
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Figure 2 Candidate measurement model in NR with standardized 

In the option where beam-level L3 filtering is not defined, cell quality will be derived based on L1 filtered beam-level measurements provided as input in A’. Different UE implementations will provide different inputs to the Cell quality derivation even under the same radio conditions. These cell quality measurements will be further provided as input to trigger events and measurement reports. However, L3 filtering of these measurements could possibly harmonize the different L1 filter implementations and might not affect the network interpretation of measurements reported by different UEs. That could be especially true since the Cell quality derivation function is configured by RRC. Hence, the main benefits of that option is its lower standard impact since it does not require RRC configuration and standardization of these filters.
Observation 6	The model without beam-level L3 filtering has lower standard impact and may not affect negatively the interpretation of cell level quality measurements.  

Despite the apparent simplicity of that model without beam-level L3 filters, recent agreements from RAN2 implies that the network should be able to interpret beam-level information from different UEs to take educated decisions. In RAN2#97-bis, for example, the following has been agreed concerning the content of RRC measurement reports:
Agreements
1	In NR, as in LTE, it should be possible to include cell quality (e.g. RSRP and/or RSRQ) in the measurement report.
2	UE can indicate the SS block identifier (terminology to be confirmed by RAN1 LS) of x best beams where x is configurable in measurement reports triggered by the events on SS block. 
FFS whether it is needed for all events. 
FFS how the UE can choose the best beams. 
FFS whether quality of the beams are also reported
FFS whether the same applies for CSI-RS

As the agreement says, the UE should be able to report information associated to a number of “best” beams. To define these, the UE needs to assume some absolute threshold and/or relative threshold to the best beam i.e. it needs to make some comparison between the quality of different beams. These thresholds could be configured by the network and same values used by different UEs, however, if beam-level L3 filters are not defined, it could be unclear to the network how the UE is filtering the beam-level RSRP values and performing these comparisons since there be different UEs with different L1 filter implementations. For example, some UEs may simply compare information associated to the latest measurement samples while others may report averaged measurements which could be more stabilized.
Observation 7	If beam-level L3 filters are not stadardized, it is unclear how the network will interpret beam-level information provided by UEs with different L1 filter implementations.

In RAN2#97-bis, the following has also been agreed concerning the cell quality derivation:
Agreement
1	Cell quality can be derived from N best beams where value of N can be configured to 1 or more than 1. 
FFS: Details of filtering to be applied
FFS: How the quality of the serving cell is determined (e.g. from serving beam only or cell quality)
FFS: Whether the agreement applies to both additional RS and idle RS.
FFS: Whether to only consider beams above a threshold ('good' beams)

As the agreement says, the UE should be able to derive the cell quality based on N best beams and, as in the previous example, the UE needs to assume some absolute and/or relative thresholds to the best beam i.e. it needs to make some comparison between the quality of different beams. Similarly, if beam-level L3 filters are not defined, the network cannot unambiguously interpret how the UE is performing these comparisons and selecting the beams to perform cell quality.
Observation 8	If beam-level L3 filters are not stadardized, it is unclear to the network how the UE has selected beams to compute the cell quality.

In addition to the previous arguments, it is worth mentioning that these beam-level RRM measurements shall also be used by the UEs for at least some beam management procedures, such as the beam selection in a target cell during handovers execution. In that case, following the principles of network controlled mobility in RRC_CONNECTED, the network should be fully aware how the UE is performing that selection e.g. for further handover optimizations. 
Hence, based on the previous observations we propose the following:
Proposal 1	NR measurement model contains an additional specified filtering of the beam measurements.

In the paper we have used the term L3 filtering per beam for the proposed standardized filters. As in LTE, a logical choice would be to let RRC perform these configurations. Hence, we propose that configuration is performed by the RRC layer as in LTE.
Proposal 2	RRC layer should configure filter parameters for the beam-level measurements in the NR measurement model. 

Although the need for L3 filtered beam-level measurements have been proposed to be part of the NR measurement model, it is not straigforward whether the per-beam L3 filtered values will be the input for the cell quality derivation function. In our view, that should be a discussion FFS, although Figure 2 suggests that as a possibility.
Proposal 3	It is FFS whether the L3 beam-level filtered values will be input to the cell quality derivation function.

Another discussion related to the proposed measurement model in NR is whether that should be applicable for both IDLE RS and CSI-RS. According to the latest agreement either the IDLE RS or CSI-RS could be used to derive a cell quality and trigger mobility events. In our view, in both cases it should be possible to perform both L1 and L3 filtered measurement per beam. However, while the IDLE RS is an always on RS, the CSI-RS (or the configuration used for L3 mobility) is configurable, at least via dedicated signalling. In other words, the UE cannot assume how to group CSI-RS resources to derive the CSI-RS based cell quality and, consequently, trigger events and measurement reports. Hence, although in our view the same NR measurement model should be applicable to either CSI-RS or IDLE RS, additional configuration will be required for the cell quality derived based on CSI-RS, such as which configured CSI-RS resources form which cell.
Proposal 4	Same NR measurement model is applicable for CSI-RS or IDLE RS cell measurements with the exception that additional configuration to define CSI-RS group is required.

[bookmark: _Toc458461065][bookmark: _Toc450773277][bookmark: _Toc450773306][bookmark: _Toc450773354][bookmark: _Toc450773369][bookmark: _Toc450774156][bookmark: _Toc450814189][bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]Conclusion
We made the following observations in Section 2:
Observation 1	In LTE, different UEs can have different implementations of L1 filter. 
Observation 2	In LTE, L3 filters are standardized so the network can configure filter parameters on measurements of different UE implementations and properly interpret reported measurements. 
Observation 3	In NR, different UEs can have different implementations of L1 filter for beam-level measurements. 
Observation 4	In NR, there will be standardized L3 filters for the cell quality measurements.  
Observation 5	NR measurement model would benefit from standardized L3 filter for beam-level measurements in case network needs to interpret reported beam-level measurements.
Observation 6	The model without beam-level L3 filtering has lower standard impact and may not affect negatively the interpretation of cell level quality measurements.  
Observation 7	If beam-level L3 filters are not stadardized, it is unclear how the network will interpret beam-level information provided by UEs with different L1 filter implementations.
Observation 8	If beam-level L3 filters are not stadardized, it is unclear to the network how the UE has selected beams to compute the cell quality.



Hence, based on the previous observations we propose the following:
Proposal 1	NR measurement model contains an additional specified filtering of the beam measurements.
Proposal 2	RRC layer should configure filter parameters for the beam-level measurements in the NR measurement model. 
Proposal 3	It is FFS whether the L3 beam-level filtered values will be input to the cell quality derivation function.
Proposal 4	Same NR measurement model is applicable for CSI-RS or IDLE RS cell measurements with the exception that additional configuration to define CSI-RS group is required.
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